
	Table 1: Codes and actual variables and their levels in BBD

	Codes 
	Variables  
	Level 1 (-1)
	Level 2 (0)
	Level 3 (+1)

	A
	CS-SL/Fe3O4 dose (g) 
	0.02
	0.06
	0.1

	B
	[AR88] (mg/L)
	10
	30
	50

	C
	pH
	4
	7
	10

	[bookmark: _Hlk104276593]D
	Time (min)
	10
	50
	90


 























	Table 2: The 4 -variable BBD matrix and experimental data for [AR88] removal.

	Run
	A: Dose (g)
	[AR88] (mg/L)
	pH
	Time (min)
	[AR88] Removal (%)

	1
	0.02
	10
	7
	50
	32.1

	2
	0.1
	10
	7
	50
	88.5

	3
	0.02
	50
	7
	50
	9.2

	4
	0.1
	50
	7
	50
	42.4

	5
	0.06
	30
	4
	10
	25.4

	6
	0.06
	30
	10
	10
	2.7

	7
	0.06
	30
	4
	90
	68.5

	8
	0.06
	30
	10
	90
	4.1

	9
	0.02
	30
	7
	10
	6.7

	10
	0.1
	30
	7
	10
	23.4

	11
	0.02
	30
	7
	90
	15.2

	12
	0.1
	30
	7
	90
	74.6

	13
	0.06
	10
	4
	50
	95.4

	14
	0.06
	50
	4
	50
	40.1

	15
	0.06
	10
	10
	50
	6.8

	16
	0.06
	50
	10
	50
	4.9

	17
	0.02
	30
	4
	50
	21.7

	18
	0.1
	30
	4
	50
	60.7

	19
	0.02
	30
	10
	50
	3.7

	20
	0.1
	30
	10
	50
	15.1

	21
	0.06
	10
	7
	10
	27.6

	22
	0.06
	50
	7
	10
	9.7

	23
	0.06
	10
	7
	90
	91.7

	24
	0.06
	50
	7
	90
	36.2

	25
	0.06
	30
	7
	50
	42.7

	26
	0.06
	30
	7
	50
	36.9

	27
	0.06
	30
	7
	50
	30.1

	28
	0.06
	30
	7
	50
	37.2

	29
	0.06
	30
	7
	50
	40.2




	Table 3: The physicochemical properties of the CS-SL/Fe3O4


	Analysis
	CS-SL/Fe3O4

	C (wt. %)
	31.5

	H (wt. %)
	4.20

	N (wt. %)
	4.14

	BET surface area (m²/g)
	3.04

	Langmuir surface area (m2/g)
	4.69

	Total volume in pores (cm3/g)
	0.72

	Mean pore diameter (nm)
Magnetization (emu/g)
	6.33
1.64 
















	Table 4: Analysis of variance (ANOVA) for AR88 removal.

	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value

	Model
	20239.50
	14
	1445.68
	19.05
	< 0.0001

	A-Dose
	3891.60
	1
	3891.60
	51.29
	< 0.0001

	B-[AR88]
	3320.01
	1
	3320.01
	43.76
	< 0.0001

	C-pH
	6279.19
	1
	6279.19
	82.76
	< 0.0001

	D-Time
	3162.25
	1
	3162.25
	41.68
	< 0.0001

	AB
	134.56
	1
	134.56
	1.77
	0.2042

	AC
	190.44
	1
	190.44
	2.51
	0.1355

	AD
	455.82
	1
	455.82
	6.01
	0.0280

	BC
	712.89
	1
	712.89
	9.40
	0.0084

	BD
	353.44
	1
	353.44
	4.66
	0.0488

	CD
	434.72
	1
	434.72
	5.73
	0.0312

	A²
	64.26
	1
	64.26
	0.8469
	0.3730

	B²
	443.09
	1
	443.09
	5.84
	0.0299

	C²
	487.86
	1
	487.86
	6.43
	0.0238

	D²
	108.24
	1
	108.24
	1.43
	0.2522

	Residual
	1062.25
	14
	75.87
	
	

	Lack of Fit
	972.74
	10
	97.27
	4.35
	0.0847

	Pure Error
	89.51
	4
	22.38
	
	

	Cor Total
	21301.75
	28
	
	
	












	[bookmark: _Hlk106009452]Table 5: PFO and PSO kinetic parameters for the adsorption AR88 on CS-SL/Fe3O4 


	PSO
	PFO
	qe exp. (mg/g)
	AR88
Concentration
(mg/L)

	R2
	k2×10-2 (g/mg min)
	qe cal (mg/g)
	R2
	k1 (1/min)
	qe cal (mg/g)
	
	

	0.98
	0.674
	24.4
	0.99
	0.114
	22.97
	23.08
	20

	0.99
	0.121
	46.5
	0.99
	0.046
	41.88
	42.31
	40

	0.97
	0.073
	62.3
	0.93
	0.036
	55.45
	60.06
	60

	0.98
	0.042
	93.9 
	0.95
	0.033
	82.74
	88.69
	80

	0.96
	0.048
	91.4
	0.91
	0.035
	81.08
	105.03
	100

	0.90
	0.013
	120.8
	0.88
	0.013
	101.57
	121.07
	140





Table 6: Parameters of the Langmuir, Freundlich, and Temkin isotherm models for the adsorption of AR88 on CS-SL/Fe3O4.   
	Adsorption isotherm
	Parameter
	AR88

	Langmuir
	qm (mg/g)
	137.3

	
	Ka (L/mg)
	0.18

	
	R2
	0.95

	
	
	

	
	
	

	Freundlich
	Kf (mg/g) (L/mg)1/n
	36.38

	
	n
	2.85

	
	R2
	0.98

	
	
	

	
	
	

	Temkin
	KT (L/mg)
	7.38

	
	bT (J/mol)
	122.3

	
	R2
	0.92


 



























	Table 7: Comparison of the adsorption capacity of AR88 on CS-SL/Fe3O4 with different adsorbents. 


	Adsorbents
	qmax (mg/g)
	References

	CS-SL/Fe3O4
	137.3
	This study

	Phosphorylated Chitosan
	230
	[16]

	Chitosan-Polyethyleneimine-Calcium Chloride
	1000
	[15]

	Nitrogen-containing Graphitic Mesoporous Carbon
	309 
	[43]


	Magnetic Graphene Oxide/Cationic Hydrogel Nanocomposite
	3476.7 
	[44]

	Bio-Silica/Chitosan
	25.84 
	[45]

	

















Table 8: Thermodynamic parameters for the adsorption of AR88 on CS-SL/Fe3O4 biocomposite.  

	T (K)
	Kd
	∆Go (kJ/mol)
	∆Ho (kJ/mol)
	∆So (J/mol K)

	298.15
	1.49
	-0.94
	20.6
	0.082

	308.15
	1.59
	-1.66
	
	

	318.15
	3.23
	-2.38
	
	

	328.15
	3.20
	-3.11
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Table 1:  Codes and actual variables and their levels in BBD  

Codes   Variables    Level 1 ( - 1)  Level 2 (0)  Level 3 (+1)  

A  CS - SL/Fe 3 O 4   dose (g)   0.02  0.06  0.1  

B  [AR88]  ( mg/L )  10  30  50  

C  pH  4  7  1 0  

D  Time (min)  10  50  90  

                                               

